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(54) EXPOSURE DEVICE 

(57)Abstract: 

PURPOSE: To reduce illuminance irregularity due to 
speckle pattern when using light with a high spatial 
coherence as exposure light by the slit scan exposure 
system. 

CONSTITUTION: A reticle R is scanned in a scanning 
direction SR for a lighting region 15. a wafer W is 
scanned in a scanning direction SW for an exposure 
region 16 which is conjugate to the lighting region 15, 
and then the pattern of the reticle R is exposed on the 
wafer W successively. The spatial coherence of laser 
beam LB0 discharged from an excimer laser light source 
1 is high in horizontal direction (H direction), its 
horizontal direction is made to be conjugate to the 
scanning direction SR of the lighting region 15 and the 
direction where the spatial coherence higher becomes the 




scanning direction SR. 



http://wwwl9.ipdl.inpit.go.jp/PAl/result/detail/main/wAAAzsayGeDA406349701Pl.htm 4/30/2009 



JP,06-349701,A [CLAIMS] 



Page 1 of 2 



* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s) 

[Claim 1 An exposure device which is provided with the following and characterized by making 
the high direction of spatial coherence of said illumination light the same as that of a relative 
scanning direction of an illuminated field of said specified shape, and said mask in an 
exposure device which exposes a pattern of said mask on said substrate one by one. 
A light source which generates illumination light which has predetermined spatial coherence. 
An illumination-light study system which illuminates an illuminated field of specified shape by 
said illumination light. 

A relatively scan means to synchronize and to scan a mask and a photosensitive substrate 
with which a pattern for transfer was relatively formed to said illuminated field. 

[Claim 2 A pulse light source which generates pulsed light which has predetermined spatial 
coherence characterized by comprising the following, An exposure device which has an 
illumination-light study system which illuminates an illuminated field of specified shape by said 
pulsed light, and a relatively scan means to synchronize and to scan a mask and a 
photosensitive substrate with which a pattern for transfer was relatively formed to said 
illuminated field, and exposes a pattern of said mask on said substrate one by one. 
A relative scan speed of an illuminated field of said specified shape, and said mask. 
A phase variable means to change a phase of a speckle pattern of said pulsed light in said 
illuminated field for said every pulsed light according to a pitch of said relative scanning 
direction of a speckle pattern of said pulsed light in said illuminated field. 

[Claim 3 The exposure device comprising according to claim 2: 

A spatial coherence detection means to detect spatial coherence of said pulsed light. 

A control means which controls operation of said phase variable means according to spatial 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Industrial Application In this invention, a rectangle or the illuminated field of circular is 
illuminated, for example by exposing light, and a mask and a sensitized substrate are 
synchronously scanned to the illuminated field. 

Therefore, about the so-called exposure device of the slit scan exposure system which 
exposes the pattern on a mask on a sensitized substrate one by one, when using a high light 
of especially spatial coherence as exposing light, it applies, and it is suitable. 

[0002] 

[Description of the Prior Art Conventionally, when manufacturing a semiconductor device, a 
liquid crystal display element, or a thin film magnetic head using photolithography technology, 
a photo mask or the pattern of reticle (it is hereafter named reticle generically) via a 
projection optical system, The projection aligner exposed on the substrates (a wafer or a glass 
plate) with which photoresist etc. were applied is used. In this projection aligner, in order to 
carry out short wavelength formation of the exposing light and to raise resolution, a KrF 
excimer laser, an excimer laser beam like an ArF excimer laser, or the laser beam of an 
ultraviolet area like the harmonics of argon laser is coming to be used as exposing light. 
[0003]However, spatial coherence (coherence) of a laser beam is high, and while passing an 
illumination-light study system, the interference fringe called a speckle pattern arises, and it 
has the problem that this becomes the illumination unevenness on reticle and a substrate. 
Then, with the projection aligner of a one-shot exposure method like the conventional usual 
stepper, in using a laser beam as exposing light. In order to decrease the illumination 
unevenness by a speckle pattern, the vibration mirror was arranged in front of the fly eye lens 
(optical integrator) in an illumination-light study system. And by scanning the laser beam which 
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enters among one exposure at the optical integrator by the vibration mirror, He exposes 
changing the phase of the speckle pattern (interference fringe) produced on reticle and a 
substrate, and was trying for the light exposure in the whole surface in each shot region on a 
substrate to become uniform. In this case, the contrast of distribution of the light exposure on a 
substrate becomes the minimum by shaking a vibration mirror among one exposure, so that 
the phase of an interference fringe may do 2pi change of. 
[0004] 

[Problem(s) to be Solved by the Invention The chip size of one piece of a semiconductor 
device tends to be enlarged these days, and large area-ization which exposes the pattern of a 
bigger area than that on reticle on a substrate is called for in the projection aligner. In order to 
respond to large-area-izing of this transferred pattern, and restriction of the exposure field of a 
projection optical system, For example, the so-called projection aligner of the rectangle and the 
slit scan exposure system which is circular or exposes the pattern on reticle on a substrate one 
by one by scanning reticle and a photosensitive substrate synchronously to illuminated fields 
(this is called "slit shape illuminated field"), such as a hexagon, is developed. To use a high 
light of spatial coherence like a laser beam as exposing light also with the projection aligner of 
such a slit scan exposure system, it is necessary to reduce the illumination unevenness by a 
speckle pattern. 

[0005]However, in a slit scan exposure system, since reticle and a substrate are scanned, the 
phase in which a SUPPEKURU pattern appears carries out a temporal change. Therefore, the 
scanning direction of reticle and a substrate poses a problem first. Next, when using together 
the vibration mirror used at the time of a one-shot exposure method, it becomes a problem 
how a vibration mirror is controlled according to the scan speed of the scanning direction, 
reticle, and a substrate. 

[0006]For example, pattern space PA of the reticle R is gradually scanned by the illuminated 
field 51 relatively, drawing 7 (a) - (d) showing the state of scanning the reticle R in the direction 
(scanning direction SR) of X to the slit shape illuminated field 51, and applying it to the state of 
drawing 7 (d) from the state of drawing 7 (a). Therefore, to the direction (non-scanning 
direction) vertical to the direction of X of Y, although the scan is substantially performed to the 
direction of X in pattern space PA of the reticle R, since it is a state of rest, the influences of a 
speckle pattern differ in the scanning direction and the non-scanning direction. 
[0007]An object of this invention when using a high light of spatial coherence as exposing light 
with the exposure device of a slit scan exposure system in view of this point is to make 
illumination unevenness by a speckle pattern as small as possible. 
[0008] 

[Means for Solving the Problem As shown, for example in drawing 1 and drawing 2 , the 1st 
exposure device by this invention, A light source (1) which generates illumination light (LB ) 
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which has predetermined spatial coherence, An illumination-light study system (2-14) which 
illuminates an illuminated field (15) of specified shape by the illumination light, It has a 
relatively scan means (32, 34, 35, RST, WST) to synchronize and to scan a mask (R) and a 
photosensitive substrate (W) with which a pattern for transfer was relatively formed to an 
illuminated field (15), In an exposure device which exposes a pattern of a mask (R) on a 
substrate (W) one by one, the high direction (direction H) of spatial coherence of illumination 
light (LB Q ) is made the same as that of an illuminated field (15) of specified shape, and a 

relative scanning direction (direction SR) with a mask (R). 

[0009]As shown, for example in drawing 1 and drawing 2 , the 2nd exposure device by this 
invention, A pulse light source (1) which generates pulsed light (LB Q ) which has predetermined 

spatial coherence, An illumination-light study system (2-14) which illuminates an illuminated 
field (15) of specified shape by the pulsed light, It has a relatively scan means (32, 34, 35, 
RST, WST) to synchronize and to scan a mask (R) and a photosensitive substrate (W) with 
which a pattern for transfer was relatively formed to an illuminated field (15), In an exposure 
device which exposes a pattern of a mask (R) on a substrate (W) one by one, An illuminated 
field (15) of specified shape, and a relative scan speed with a mask (R), According to a pitch of 
the relative scanning direction (direction SR) of a speckle pattern of the pulsed light in an 
illuminated field (15), a phase variable means (8, 9) to change a phase of a speckle pattern of 
the pulsed light in an illuminated field (15) for every pulsed light of the is formed. 
[0010]ln this case, it is desirable to establish a spatial coherence detection means (17, 18) to 
detect spatial coherence of that pulsed light, and a control means (32) which controls operation 
of a phase variable means (8, 9) according to spatial coherence of that pulsed light detected in 
this way. 
[0011] 

[Function]According to the 1st exposure device of this this invention, the high direction of 
spatial coherence (coherent grade) is beforehand measured in the field vertical to the light flux 
of the illumination light (LB Q ), In the illuminated field (15) of specified shape, the high direction 

of the spatial coherence is doubled towards the relative scan with a mask (R) (the direction of 
SR). Therefore, as shown, for example in drawing 4 , the illuminance distribution of the 
scanning direction (the direction of SR) of the speckle pattern by the illumination light formed 
on an illuminated field (15) is changed with comparatively large amplitude with a 
predetermined pitch like the distribution curve 40. The illuminance distribution of the non- 
scanning direction (the direction of Y) of the speckle pattern on the illuminated field (15) is 
comparatively flat like the distribution curve 41. In this case, in a scanning direction, since the 
illuminance distribution of each point on a mask (R) becomes being the same as that of the 
case where changed like the distribution curve 40, respectively and it scans by a vibration 
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mirror substantially, there is little illumination unevenness. In a non-scanning direction, from 
the first, since there is little illumination unevenness, its illumination unevenness decreases all 
over a mask (R) and a substrate (W). 

[0012]According to the 2nd exposure device of this invention, pulsed light is used as 
illumination light. Since it is not easy to erase the chromatic aberration in an optical system 
when pulsed light is an excimer laser beam (wavelength is 248 nm) of a far ultraviolet region, 
in a pulse light source (1), the pulsed light which narrow-band-ized spectral line width is 
generated by using a diffraction grating, a slit, etc. Therefore, in drawing 1 , as for the pulsed 
light (LB Q ) ejected from a light source (1), spatial coherence becomes low, and although spatial 

coherence becomes high horizontally (the direction of H) and the beam width is narrow, 
perpendicularly (the direction of V), the beam width is large. Therefore, in this invention, the 
horizontal direction of the pulsed light (LB Q ) ejected from a light source (1) is set as the 

scanning direction of the slit shape illuminated field (15) on a mask (R). 

[0013]ln this case, the ratio of the horizontal width of that pulsed light (LB Q ) and vertical width, 

Generally, since it is smaller than the ratio of the width of the scanning direction of the slit 
shape usual illuminated field (15), and the width of a non-scanning direction, it is necessary 
using the two cylindrical lenses 38 and 39 as shown, for example in drawing 3 to expand the 
horizontal width of the pulsed light (LB Q ). If the focal distance of the cylindrical lens 39 of f and 

the latter part is made into f 2 for the focal distance of the cylindrical lens 38 of theta 1 and the 

preceding paragraph, the spread angle of the pulsed light (LB Q ) which enters at this time, 

Spread angle theta 2 of the pulsed light (LB) ejected from the cylindrical lens 39 is as follows. 

[0014]theta 2 =(f 1 /f 2 ) theta 1 (1) 

Therefore, in order to expand a horizontal beam width, if it will be as follows and spread 
angle theta 2 of the pulsed light (LB) ejected will become small, 
theta >theta 2 (2) 

Therefore, if a beam width is expanded horizontally, as shown in drawing 4 , the spatial 
coherence in the scanning direction (the direction of SR) of an illuminated field (15) will 
become still higher. Therefore, the high speckle pattern of contrast is formed in a scanning 
direction. On the other hand, since the contrast of the speckle pattern of a non-scanning 
direction is low, there is little illumination unevenness in a non-scanning direction. 
[0015]The illuminance distribution of the scanning direction of the illuminated field (15) 
becomes like the distribution curve 40 of drawing 5 (a). Since it will become superposition of 
the wave of various phases like drawing 5 (b) by the phase shift by scan if the scanning 
direction of a mask and a substrate is chosen in this direction, it counts upon mitigation of a 
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speckle according to a superimpose effect. However, when not performing a certain control, 
depending on a scan speed. The timing of pulse radiation and the phase of a speckle pattern 
become a form mostly in agreement, and in a certain irradiation point on a mask (R). For 
example, exposure is performed in order of the positions 40C and 40F of drawing 5 (a), and 
in another irradiation point, exposure is performed in order of the positions 40B and 40E and --, 
a superimpose effect cannot be expected, and illumination unevenness may not be reduced. In 
order to avoid this, when it is the scan speed that pulse radiation is performed, a vibration 
mirror is made to scan in the positions 40C, 40F, and 401 of dr awing 5 (a), and when emitting 
light in the position 40F and emitting light in deltaA and the position 401, scanning controls in 
which only deltaB carries out a strike slip are carried out. 

[0016]Thereby, since each irradiation point on a mask (R) is exposed with illumination with a 
SUPPEKURU pattern of a phase which is equally divided according to a pulse number and is 
different called the distribution curves 40, 42, and 43 of drawing 5 (b), an integrated exposure 
is equalized and the illumination unevenness in the scanning direction on a mask (R) is 
reduced. Namely, n and m are made into an integer in the arbitrary irradiation points on a 
mask (R), So that the phase of the scanning direction on the distribution curve 40 may become 
0, 2mpi+ (2 pi/n), 4mpi+ (4 pi/n), 6mpi+ (6 pi/n), 2(n-1)mpi+2 (n-1) pi/n, and ... for every 
pulse radiation, The illumination unevenness of a scanning direction is reduced by controlling 
operation of a phase variable means (8, 9). 

[001 7]A spatial coherence detection means (17, 18) to detect the spatial coherence of the 
pulsed light, When the control means (32) which controls operation of a phase variable means 
(8, 9) according to the spatial coherence of the pulsed light detected in this way is established, 
Operation of a phase variable means (8, 9) is controlled so that the illumination unevenness 
resulting from the speckle pattern on a mask (R) and a substrate (W) becomes the minimum 
according to the detected spatial coherence. 
[0018] 

[Example Hereafter, with reference to drawings, it explains per example of the exposure device 
by this invention. This example applies this invention to the projection aligner of the slit scan 
exposure system which uses a pulse oscillation type laser light source as a light source of 
exposing light. Drawing 1 shows the optical system of the projection aligner of this example, 
and laser beam LB Q of the far ultraviolet region (wavelength is 248 nm) ejected from the 

excimer laser 1 in this drawing 1 , It enters into the beam shaping optical system 2 which 
contains a cylindrical lens via the purple external use reflective mirror M1, M2, M3, and M4. 
The sectional shape of laser beam LB Q ejected from the excimer laser 1 is a long and slender 

rectangle whose horizontal (the direction of H) width is quite narrower than vertical (the 
direction of V) width. 



http://ww4.ipdl.inpit.go^^ 4/30/2009 



JP,06-349701,A [DETAILED DESCRIPTION] 



Page 6 of 12 



In the beam shaping optical system 2, the horizontal width of laser beam LB Q is expanded and 

the laser beam LB of the sectional shape of the almost same aspect ratio as the aspect ratio of 
the slit shape below-mentioned illuminated field 15 is ejected. 

[0019]As drawing 3 shows the composition of the beam shaping optical system 2 and shows it 
to this drawing 3 , entering laser beam LB Q , pass the cylindrical lens 38 of focal distance f p and 

the cylindrical lens 39 of focal distance f (f 2 >f i) - the horizontal width of sectional shape is 

expanded twice. If the spread angle of entering laser beam LBO is made into theta r 

spread angle theta 2 of the laser beam LB ejected will decrease to f /f of spread angle theta^ 

Generally, since the spatial coherence of light flux is so high that a spread angle is small, the 
spatial coherence of the horizontal direction (the direction of H) of the laser beam LB ejected is 
raised rather than entering laser beam LB Q . 

[0020]The laser beam LB which returned to drawing 1 and was ejected from the beam shaping 
optical system 2 is bent by the purple external use reflective mirror M5, and enters into the 
beam expander (or zoom lens) 3, and sectional shape is expanded even to a predetermined 
cross section size. The parallel laser beam LB ejected from the beam expander 3 enters into 
the crystal prism 4 as a polarization means, and is divided into two polarization components 
which intersect perpendicularly. Two polarization components separated in this way enter into 
the quartz glass prism 5 for optical-path amendment, and the direction of movement of a beam 
is amended. Then, the laser beam of two polarization components is bent by the vibration 
mirror 8 through the 1st step of the fly eye lens 6 and the relay lens 7. With the drive 9, the 
vibration mirror 8 scans a laser beam by the suitable control method in an angle range 
predetermined [ on the level surface . 

[0021]The laser beam scanned by the vibration mirror 8 enters into the 2nd step of fly eye lens 
11 through the relay lens 10, Image formation of many 3rd light sources (spot light) is carried 
out to the focal plane by the side of the ejection, and it is further condensed by the condenser 
12, and the laser beam from the 3rd light source of these large number bends by the mirror 13, 
and enters into ********** anc | the main condenser lens 14. With the main condenser lens 14, 
the width of the short side direction on the reticle R carries out weight of the laser beam from 
many 3rd light sources to the illuminated field 15 of the rectangle of D, and is irradiated with it. 
Image formation projection of the pattern image in the illuminated field 15 is carried out into the 
exposure region 16 of the rectangle on the wafer W via projection optical system PL. 
[0022]ln this case, the Z-axis is taken in parallel with the optic axis of projection optical system 
PL, and the X-axis in an XY plane vertical to that optic axis is taken to the short side direction 
of the rectangular illuminated field 15. And in this example, set projecting magnification of 
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projection optical system PL to beta, and it synchronizes with scanning the reticle R at the 
speed V in the direction (this is set to scanning direction SR ) of X to the illuminated field 15, 
By scanning the wafer W by speed beta-V in the direction (let this be the scanning direction 
SW ) of -X, projection exposure of the circuit pattern image in pattern space PA of the reticle R 
is carried out to tf\e shot region of the wafer W one by one. 

[0023]ln drawing 1 , in order to investigate the spatial coherence of an excimer laser beam, 
Install the condenser L1 behind the purple external use reflective mirror M5, the rear side focal 
position of the condenser L1 is made to condense the light leaking in the purple external use 
reflective mirror M5, and the light leaking distributed in two dimensions with the two- 
dimensional image sensor 17 which consists of CCD installed in the focal position is received. 
And the angle of divergence of the laser beam was measured by processing the imaging 
signal from the two-dimensional image sensor 17 by the image processing system 18. Since 
the angle of divergence of a laser beam has a relation of reverse proportion to spatial 
coherence, it can compute scanning direction SR on the illuminated field 15, and the spatial 
coherence of a non-scanning direction by the measured angle of divergence. 
[0024] Drawing 2 shows the control system of the projection aligner of drawing 1 , and in this 
drawing 2 in the excimer laser 1, The electrode the gas used as the medium of laser 
oscillation, and for oscillation triggers. The prism 24 for the enclosed laser tube 21 , the front 
mirror 22 with the predetermined reflectance (less than 100%) which constitutes a resonator, 
the rear mirror 23 of the resonator, the opening plate 29 for wavelength selections, wavelength 
selection, and the formation of a wavelength narrow band, and reflection type diffraction 
grating 25 grade, It is provided as an optical element. In order to always make regularity the 
oscillation controlling part 26 for making it oscillate by impressing high tension to the electrode 
in the laser tube 21 to the excimer laser 1, and the absolute wavelengths of the laser beam 
oscillated, The actuator 28 grade for adjusting inclination of the wavelength adjustment 
actuator 27 which adjusts the angle of inclination of the diffraction grating 25, and the rear 
mirror 23 is provided. 

[0025]A part of laser beam ejected from the front mirror 22 is led to the wavelength detectors 
(spectroscope etc.) 3 via the beam splitter 30, and the wavelength which detected and 
detected the wavelength of the laser beam with the wavelength detector 31 is transmitted to 
the wavelength adjustment actuator 27. The wavelength adjustment actuator 27 changes the 
angle of inclination of the diffraction grating 25 so that a difference with the absolute 
wavelengths defined beforehand may come in a standard according to the wavelength 
detected with the wavelength detector 31. The signal according to the beam angle of 
divergence which processes the imaging signal from the two-dimensional image sensor 17 by 
the image processing system 18, and is detected. (The signal according to the size of the 
beam spot specifically made on the two-dimensional image sensor 17) is fed back to the 
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actuator 28 of the rear mirror 23 of the excimer laser 1 , and it is sent also to the main control 
unit 32 which controls operation of the whole device. The actuator 28 changes the angle of 
inclination of the rear mirror 23, when the value of the angle of divergence of the beam 
surveyed to the value defined beforehand has separated more than tolerance level. 
[0026]Positioning and a scan of the reticle R of drawing 1 are performed by the reticle stage 
RST of drawing 2 , and positioning and a scan of the wafer W are performed by the wafer stage 
WST of drawing 2 . The reticle stage RST scans the reticle R, in order to change the irradiation 
area of the reticle R on which the pattern of one chip was drawn one by one. The wafer stage 
WST so that the pattern image of the reticle R may be exposed to each of two or more shot 
regions on the wafer W, It has the function to move the wafer W in the direction of X, and the 
direction of Y by a step-and-repeat method, and a function which scans the wafer W 
synchronizing with the scan of the reticle R according to the irradiation area of the reticle R. 
[0027]The main control unit 32 controls the oscillation of the excimer laser 1 via the oscillation 
controlling part 26, and controls operation of the wafer stage WST and the reticle stage RST 
via the wafer stage control system 34 and the reticle stage control system 35, respectively. 
And the main control unit 32 controls amplitude, a cycle, etc. of vibration of the vibration mirror 
8 via the drive 9. The indicator (CRT display, meter, etc.) 33 grade as the keyboard 36, the 
device for inputting coordinates (what is called a mouse) 37, and output unit as an input device 
is connected to the main control unit 32. The keyboard 36 and the device for inputting 
coordinates 37 are used [ by a what pulse it exposes per 1 shot region in the exposing 
treatment of a certain wafer, and ] for [ other than specifying beforehand ] various sequence 
setting out or parameter setting. 

[0028]The main control unit 32 without receiving the information on the beam angle of 
divergence of the laser beam from the excimer laser 1 under preliminary oscillation from the 
image processing system 18 and lowering a throughput, The oscillating frequency optimized 
so that a speckle pattern might be made the smallest, and the pulse number of the laser beam 
irradiated by one shot region on the wafer W are determined, and instructions are emitted to 
the oscillation controlling part 26. In parallel, the main control unit 32 determines the oscillation 
period of the vibration mirror 8, amplitude, and a phase, emits instructions to the drive 9, and 
determines the optimal scan speed as the reticle stage control system 35 and the wafer stage 
control system 34, and issues instructions. 

[0029]Next, it explains per composition for reducing the illumination unevenness on the reticle 
R and the wafer W by this example. First, in this example, the spatial coherence of laser beam 
LB Q ejected from the excimer laser 1 in drawing 1 is high horizontally (the direction of H). Then, 

an illumination-light study system is constituted so that the high direction of the spatial 
coherence of the laser beam LB Q may be set to the short side direction, i.e., scanning direction 

SR, of the illuminated field 15. Thereby, the speckle pattern of the laser beam formed on the 
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illuminated field 15 on the reticle R has the high contrast of scanning direction SR, and the 
contrast of the non-scanning direction (the direction of Y) is low. 

[0030]The periodic ingredient corresponding to the arrangement of the lens element of the fly 
eye lenses 6 and 11 is contained in the speckle pattern generated on the reticle R of drawing 
and the wafer W. 

The contrast of this interference pattern becomes high in the direction of X on the reticle R. 
In this example, in order to reduce the contrast of a speckle pattern, the laser beam LB is 
divided into the laser beam of two polarization components which makes a predetermined 
angle with the crystal prism 4 as a polarization means, and the reticle R is illuminated. 
Illuminance distribution l(X) (relative value) of the scanning direction (the direction of X) of the 
illuminated field 15 by the laser beam of the 1st polarization component of the two polarization 
components is changing periodically with the predetermined pitch like the distribution curve 40 
of drawing 6 (a). On the other hand, illuminance distribution l(X) by the laser beam of the 2nd 
polarization component is shifted in the direction of X only half a pitch to the distribution curve 
40, as the distribution curve 44 shows. Thereby, the whole illuminance distribution l(X) 
becomes the distribution curve 45 of drawing 6 (b), and the amplitude of change of illuminance 
distribution is reduced. 

[0031] Drawing 4 shows the illuminance distribution of the illuminated field 15 on the reticle R of 
this example, and on the reticle R, as shown in drawing 4 (a), the illuminated field 15 of the 
width D of scanning direction SR (the direction of X) is formed. And illuminance distribution l(X) 
of the direction of X of the illuminated field 15 changes with comparatively big amplitude with a 
predetermined pitch like the distribution curve 40 of drawing 4 (b), and the illuminance 
distribution I (Y) of the direction of Y of the illuminated field 15 is almost flat like the distribution 
curve 41 of drawing 4 (c). Therefore, the illumination unevenness in the direction of Y which is 
a non-scanning direction is small. In this example, the illumination unevenness in the direction 
of X is canceled by the scan of the reticle R to the illuminated field 15, and the scan of the 
laser beam by the vibration mirror 8 of drawing 1 . 

[0032] Drawing 5 (a) shows the distribution curve 40 corresponding to illuminance distribution I 
(X) of the scanning direction per 1 pulsed light in the illuminated field 15 (the direction of X), 
and an X coordinate is the field to D an inside of the illuminated field 15 of drawing 4 (a) 
from the starting point, moreover - if the reticle R is scanned in the direction of X to the 
illuminated field 15 - each irradiation point on the reticle R - drawing 5 (a) - (-- drawing 5 (b) - 
- the same ~) - it shall move along with the X-axis 

[0033]When setting to n the required pulse number to which pulse radiation is performed and 
which is asked for the pitch of the distribution curve 40 from the energy density and sensitivity 
of resist of PX and one pulse in this example, by n pulse radiation. The scan speed that 0, 
PX n, 2 PX n, the distribution curve that has a peak in each position of PX n (n-1) are 

http://www4jpdl.inpit.gojp/cgi-bin/1xan_web_cgi_ejje? 4/30/2009 



JP,06-349701,A [DETAILED DESCRIPTION] 



Page 10 of 12 



acquired (0, PX n, 2 PX n, the distribution curve that has a peak in order of PX n (n-1) do 
not need to appear.) By n pulse radiation, all the distribution curves that have a peak in each 
position should just be acquired, moreover « n is large enough - pitch PX - n/2, n/3, and ... 
the distribution curve which has a peak in the position divided equally is just acquired. When in 
agreement with the speed (value V (D n) f which broke the irradiation area D by required 
pulse number n, and applied the oscillating frequency f of laser) determined beforehand, it is 
not necessary to make the vibration mirror 8 of drawing 1 scan, and the illumination 
unevenness on the reticle R and the wafer W is reduced most efficiently. 
[0034]For example, when a required pulse number is 3, the reticle R moves in the direction of 
X only D 3 for every pulse. Therefore, as shown in drawing 5 (a), in a certain irradiation point 
(X 0) on the reticle R. Since of the positions 40A, 40E and 40I of interval D 3, and - ] the 
pulse of the distribution curves 40, 42, and 43 of drawing 5 (b) will become should pile up if 
exposure is performed in order and the exposure value distribution of the direction of X is 
seen, the light volume unevenness of an integrated exposure becomes very small. The 
distance which the reticle R moves for every pulse is beforehand set as 1 for the integer of the 
width D of the scanning direction of the illuminated field 15. 

[0035]However, since the scan speed of the reticle R and the wafer W is determined like the 
after-mentioned by the amount of appropriate exposure on the wafer W, etc., the 
aforementioned conditions may not necessarily be satisfied. In such a case, the vibration 
mirror 8 of drawing 1 is scanned and 0, PX n, 2 PX n, the distribution curve that has a peak 
in the position of PX n (n-1) need to be made to be acquired. 

[0036]When a required pulse number is 4, the reticle R moves to a concrete target only D 4 in 
the direction of X for every pulse. Therefore, as shown in drawing 5 (a), in a certain irradiation 
point (X 0) on the reticle R. Intervals are D 4 of the positions 40A, 40D, 40G, and 40K... 
Exposure is performed in order and in a certain another point and the point which separated 
only D 6 from the position of X 0. Since exposure is performed in order of the positions 40C, 
40F, 40I, and 40L, the distribution curve 40 becomes should pile up distribution of the 
integrated exposure of the direction of X, and mitigation of light volume unevenness is not 
carried out at all. Then, the vibration mirror 8 is made to scan. For example, it becomes 
superposition of the wave of four kinds of phases which are different like drawing 5 (c) when, 
as for the time of PX 4, and the position 40I, only 3Ps X 4 change a phase by the scan of the 
vibration mirror 8 at the time of PX 2, and the position 40L at the time of exposure in the 
position 40F, and illumination unevenness becomes very small. By drawing 5 (c), as for the 
distribution curves 46, 47, and 48, only PX 4, PX 2, and 3Ps X 4 change a phase by the 
vibration mirror 8 from the distribution curve 40, respectively. 

[0037]Next, it explains per scan speed of the reticle R and the wafer W. The scan speed of the 
wafer W is first determined by the amount of appropriate exposure (this becomes settled with 
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the sensitivity of the resist applied on the wafer W) given to the wafer W, and the amount of 
energy for every pulse. Since the amounts of energy emitted for every pulse differ in the case 
of a light source like the excimer laser 1, It dims in an illumination-light study system, and by 
increasing and exposing a pulse number, the amount of energy for every pulse is determined 
so that dispersion in the light exposure given to the wafer W by the superimpose effect may 
decrease. 

[0038]lf E and the amount of energy (the amount of average energies) for every pulse are 
made into E pJ the amount of appropriate exposure given to a wafer, Since the length (namely, 

width of the scanning direction of the illuminated field 15) of the scanning direction of the range 
which the number of exposure pulses is expressed with E E p , and is illuminated at once on the 

reticle R is D, The movement magnitude of the reticle R for every pulse is set to D (E p /E), and 

when the oscillating frequency of the excimer laser 1 is f Hz , the scan speed V of the reticle R 
is set as the value of a following formula. 
[0039]V (E p /E) f-D (3) 

Although the scan of the speckle pattern to the non-scanning direction (the direction of Y of 
drawing 4 ) of the illuminated field 15 was omitted in the above-mentioned example, In order to 
reduce the illumination unevenness of a non-scanning direction more, it is desirable by shaking 
the vibration mirror 8 perpendicularly, for example in drawing 1 to scan a speckle pattern also 
to a non-scanning direction. 

[0040]ln drawing 4 , in order to vibrate a speckle pattern to both scanning direction SR (the 
direction of X), and a non-scanning direction (the direction of Y), a speckle pattern may be 
vibrated in the direction which crosses in the direction of X, and the direction of Y. 
[0041]There are also the following techniques in the method where spatial coherence 
coincides a high direction and scanning direction. 

** If reticle and a wafer are constituted from a main part side of an exposure device in X and Y 
both directions so that a scan is possible, even if it is after connecting a main part and a laser 
light source, coherence should just make a high direction a scanning direction. At this time, it is 
necessary to set up the shape of an illuminated field with a reticle blind so that this determined 
scanning direction may turn into the transverse direction of the illuminated field on reticle. 
** The high direction of the spatial coherence of the laser beam from a laser light source 
should just adjust with two or more mirrors the high direction of the coherence of the laser 
beam which enters into the illumination-light study system of an exposure device so that it may 
be in agreement with a scanning direction, for example. However, it may be necessary to 
adjust a fly eye lens etc. It is desirable to construct a device in consideration of the high 
direction of coherence generally. 

[0042]When using the laser beam which this invention is not limited to the above-mentioned 
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example, for example, consists of harmonics of an YAG laser as exposing light, or when using 
continuation light like i line of a mercury lamp as exposing light, of course, various composition 
can be taken in the range which does not deviate from the gist of this invention. 
[0043] 

[Effect of the Invention According to the 1st exposure device of this invention, since the high 
direction of the contrast of the interference fringe of a SUPPEKURU pattern is reduced by 
relative scan with an illuminated field and a mask (substrate) in accordance with a scanning 
direction as for the illumination unevenness of the scanning direction, there is an advantage 
whose illumination unevenness by a speckle pattern becomes small. 

[0044]According to the 2nd exposure device, the relative scan speed of an illuminated field and 
a mask, Since the phase of the speckle pattern of the pulsed light in an illuminated field can be 
changed for every pulsed light according to the pitch of the relative scanning direction of the 
speckle pattern of the pulsed light in the illuminated field, there is an advantage which can 
make illumination unevenness by a speckle pattern small. 

[0045]Especially when a spatial coherence detection means to detect the spatial coherence of 
pulsed light, and the control means which controls operation of a phase variable means 
according to the spatial coherence of the pulsed light detected in this way are established, 
illumination unevenness by a speckle pattern can be made small. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings 

[Drawing 1 It is a perspective view showing the projection aligner of one example of this 
invention. 

[Drawing 2 It is a block diagram showing the control system of the projection aligner of an 
example. 

[Drawing 3 It is a lineblock diagram showing an example of the beam shaping optical system 2 
of drawing 1 . 

[Drawing 4 It is a perspective view showing the illuminance distribution of the illuminated field 
15 on the reticle R. 

[Drawing 5 The figure in which (a) shows the illuminance distribution of the scanning direction 
of the illuminated field 15 on the reticle R, (b), and (c) are the figures showing the illuminance 
distribution of the scanning direction of the illuminated field 15 in the case of vibrating a 
speckle pattern, respectively. 

[Drawing 6 The figure showing two illuminance distribution of the illuminated field 15 in case 
(a) illuminates the illuminated field 15 by the laser beam from a 2-way, and (b) are the figures 
showing the illuminance distribution of the sum of two illuminance distribution of drawing 6 (a). 
[Drawing 7 It is a figure showing the situation of a scan of the reticle to a slit shape illuminated 
field. 

[Description of Notations 
1 Excimer laser 
6 and 7 Fly eye lens 
8 Vibration mirror 
15 Illuminated field 

17 Two-dimensional image sensor 

18 Image processing system 
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R Reticle 

PL Projection optical system 
W Wafer 

RST Reticle stage 
WST Wafer stage 
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[Drawing 1 
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[Kind of official gazette Printing of amendment by the regulation of 2 of Article 1 7 of Patent Law 
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[Publication No. JP.6-349701.A 
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[Amendment 1] 

[Document to be Amended Specification 
[ltem(s) to be Amended The name of an invention 
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[Method of AmendmentjChange 
[Proposed Amendment 

[Title of the Invention An exposure method and a device 
[Amendment 2] 

[Document to be Amended Specification 
[ltem(s) to be Amended Claim 
[Method of AmendmentjChange 
[Proposed Amendment 
[Claim(s) 

[Claim 1 A light source which generates illumination light which has spatial coherence , and an 
illumination-light study system which illuminates an illuminated field of specified shape by said 
illumination light, In an exposure device which has a relatively scan means to synchronize and 
to scan a mask and a substrate with which a predetermined pattern was relatively formed to 
said illuminated field, and carries out scanning exposure of said substrate , 
An exposure device making the high direction of spatial coherence of said illumination light the 
same as that of a relative scanning direction of an illuminated field of said specified shape, and 
said mask. 

[Claim 2 The exposure device according to claim 1, wherein the high direction of spatial 
coherence of said illumination light is a direction with high contrast of a speckle pattern formed 
in said illuminated field. 

[Claim 3 The exposure device according to claim 1 or 2 having further a displacement means 
which displaces a speckle pattern of said illumination light formed in said illuminated field in 
said illuminated field. 

[Claim 4 The exposure device according to claim 3, wherein said displacement means 
displaces said speckle pattern towards said relatively scan. 

[Claim 5 The exposure device according to claim 3 or 4, wherein said displacement means 
displaces said speckle pattern in the direction of said relatively scan, and the crossing 
direction. 

[Claim 6 The exposure device according to claim 5, wherein the direction of said relatively 
scan and a crossing direction are directions with low contrast of said speckle pattern. 
[Claim 7 Said light source is a pulse light source which carries out pulse radiation of said 
illumination light, 

An exposure device of claim 3-6, wherein said displacement means displaces said speckle 
pattern synchronizing with said pulse oscillation given in any 1 paragraph. 
[Claim 8 A pulse light source which generates pulsed light which has spatial coherence , and 
an illumination-light study system which illuminates an illuminated field of specified shape by 
said pulsed light, In an exposure device which has a relatively scan means to synchronize and 
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to scan a mask and a substrate with which a predetermined pattern was relatively formed to 
said illuminated field, and carries out scanning exposure of said substrate , 
An exposure device comprising: 

A relative scan speed of an illuminated field of said specified shape, and said mask. 
A phase variable means to change a phase of a speckle pattern of said pulsed light in said 
illuminated field for said every pulsed light according to a pitch of said relative scanning 
direction of a speckle pattern of said pulsed light in said illuminated field. 

[Claim 9 The exposure device comprising according to claim 8 : 

A spatial coherence detection means to detect spatial coherence of said pulsed light. 

A control means which controls operation of said phase variable means according to spatial 

coherence of said detected this pulsed light. 

[Claim 10 A light source which generates illumination light which has spatial coherence, and an 
illumination-light study system which illuminates an illuminated field of specified shape by said 
illumination light, In an exposure device which has a relatively scan means to synchronize and 
to scan a mask and a substrate with which a predetermined pattern was relatively formed to 
said illuminated field, and carries out scanning exposure of said substrate, 
A displacement means which displaces a speckle pattern of said illumination light formed in 
said illuminated field in said illuminated field, 

A control means which controls said displacement means so that influence of a speckle pattern 
formed in said illuminated field is reduced, while said mask and said substrate are moving to 
said illuminated field during said scanning exposure, 
An exposure device characterized by preparation 

[Claim 11 The exposure device according to claim 10, wherein said control means controls 
said displacement means so that said speckle pattern is displaced in said direction of a 
relatively scan. 

[Claim 12 The exposure device according to claim 11, wherein said control means controls 
said displacement means according to a relative scan speed of said illuminated field and said 
mask. 

[Claim 13 The exposure device according to claim 11 or 12, wherein said control means 
controls said displacement means according to illuminance distribution of said speckle pattern. 

[Claim 14 An exposure device of claim 10-13, wherein said control means controls said 
displacement means so that said speckle pattern is displaced in the direction of said relatively 
scan, and the crossing direction given in any 1 paragraph. 

[Claim 15 Said light source is a pulse light source which carries out pulse radiation of said 
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illumination light, 

An exposure device of claim 10-14, wherein said displacement means displaces said speckle 

pattern synchronizing with said pulse oscillation given in any 1 paragraph. 

[Claim 16 It has further a detection means to detect spatial coherence of said illumination light, 

An exposure device of claim 10-15, wherein said control means controls said displacement 

means according to spatial coherence detected by said detection means given in any 1 

paragraph. 

[Claim 17 A light source which generates illumination light which has spatial coherence, and an 

illumination-light study system which illuminates an illuminated field of specified shape by said 

illumination light, In an exposure device which has a relatively scan means to synchronize and 

to scan a mask and a substrate with which a predetermined pattern was relatively formed to 

said illuminated field, and carries out scanning exposure of said substrate, 

A measuring means which measures information on an angle of divergence of said illumination 

light, 

A control means which controls an exposing condition of said substrate based on information 

on a measured this angle of divergence, 

An exposure device characterized by preparation 

[Claim 18 In an exposure device which has a light source which generates illumination light 
which has spatial coherence, an illumination-light study system which illuminates an 
illuminated field of specified shape by illumination light, and a relatively scan means to 
synchronize and to scan a mask and a substrate with which a predetermined pattern was 
relatively formed to said illuminated field, and carries out scanning exposure of said substrate, 
Said illumination-light study system has a polarization means which divides illumination light 
from said light source into the 1st illumination light of the 1st polarization component, and the 
2nd illumination light of the 2nd polarization component, 

An exposure device with which said 1st illumination light and said 2nd illumination light are 
characterized by shifting illuminance distribution on said mask in said direction of a relatively 
scan mutually. 

[Claim 19 In an exposure method which carries out scanning exposure of said substrate by 
scanning synchronously a mask and a substrate with which a predetermined pattern was 
relatively formed to said illuminated field while illuminating an illuminated field of specified 
shape by illumination light which has spatial coherence, 

An exposure method making the same as that of a relative scanning direction of an illuminated 
field of said specified shape, and said mask the high direction of contrast of a speckle pattern 
formed in said illuminated field. 

[Claim 20 In an exposure method which carries out scanning exposure of said substrate by 
scanning synchronously a mask and a substrate with which a predetermined pattern was 
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relatively formed to said illuminated field while illuminating an illuminated field by illumination 
light which has spatial coherence, 

Said illumination light is discharged from a light source with sectional shape which has a 
longitudinal direction and the transverse direction, 

An exposure method characterized by making it in agreement the transverse direction of 
sectional shape of said illumination light ] with a relative scanning direction of said illuminated 
field and said mask. 

[Claim 21 In an exposure method which carries out scanning exposure of said substrate by 
scanning synchronously a mask and a substrate with which a predetermined pattern was 
relatively formed to said illuminated field while illuminating an illuminated field of specified 
shape by illumination light which has spatial coherence, 

An exposure method displacing said speckle pattern in said illuminated field so that influence 
of a speckle pattern formed in said illuminated field may become small, while said mask and 
said substrate are moving to said illuminated field during said scanning exposure. 
[The amendment 3] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0001 
[Method of Amendment]Change 
[Proposed Amendment 
[0001] 

[Industrial Application By this invention's illuminating a rectangle or the illuminated field of 
circular **, for example by exposing light, and scanning a mask and a sensitized substrate 
synchronously to the illuminated field, About the exposure method and exposure device of 
what is called a slit scan exposure system which expose the pattern on a mask on a sensitized 
substrate one by one, when using a high light of especially spatial coherence as exposing light, 
it applies, and it is suitable. 
[Amendment 4] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0007 
[Method of Amendment]Change 
[Proposed Amendment 

[0007]An object of this invention when using a high light of spatial coherence as exposing light 
with the exposure method and exposure device of a slit scan exposure system in view of this 
point is to make illumination unevenness by a speckle pattern as small as possible. 
[Amendment 5) 

[Document to be Amended Specification 
[ltem(s) to be Amended 0008 
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[Method of Amendment]Change 
[Proposed Amendment 
[0008] 

[Means for Solving the Problem As shown, for example in drawing 1 and drawing 2, the 1st 
exposure device by this invention, A light source (1) which generates illumination light (LB Q ) 

which has spatial coherence , An illumination-light study system (2-14) which illuminates an 
illuminated field (15) of specified shape by the illumination light, It has a relatively scan means 
(32, 34, 35, RST, WST) to synchronize and to scan a mask (R) and a substrate (W) with which 
a predetermined pattern was relatively formed to an illuminated field (15), In an exposure 
device which carries out scanning exposure of the substrate (W) , the high direction (direction 
H) of spatial coherence of illumination light (LB Q ) is made the same as that of an illuminated 

field (15) of specified shape, and a relative scanning direction (direction SR) with a mask (R). 
[Amendment 6] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0009 
[Method of Amendment]Change 
[Proposed Amendment 

[0009]As shown, for example in drawing 1 and drawing 2, the 2nd exposure device by this 
invention, The pulse light source (1) which generates the pulsed light (LB Q ) which has spatial 

coherence , The illumination-light study system (2-14) which illuminates the illuminated field 
(15) of specified shape by the pulsed light, It has a relatively scan means (32, 34, 35, RST, 
WST) to synchronize and to scan the mask (R) and substrate (W) with which the 
predetermined pattern was relatively formed to the illuminated field (15), In the exposure 
device which carries out scanning exposure, the substrate (W) The illuminated field (15) of 
specified shape, and a relative scan speed with a mask (R), According to the pitch of the 
relative scanning direction (direction SR) of the speckle pattern of the pulsed light in an 
illuminated field (15), a phase variable means (8, 9) to change the phase of the speckle pattern 
of the pulsed light in an illuminated field (15) for every pulsed light of the is formed. 
[Amendment 7] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0010 
[Method of Amendment]Change 
[Proposed Amendment 

[0010]ln this case, it is desirable to establish a spatial coherence detection means (17, 18) to 
detect the spatial coherence of that pulsed light, and the control means (32) which controls 
operation of a phase variable means (8, 9) according to the spatial coherence of that pulsed 
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light detected in this way. Next , the light source in which the 3rd exposure device of this 
invention generates the illumination light which has spatial coherence, It has an illumination- 
light study system which illuminates the illuminated field of specified shape by the illumination 
light, and a relatively scan means to synchronize and to scan the mask and substrate with 
which the predetermined pattern was relatively formed to the illuminated field, and is 
characterized by comprising the following in the exposure device which carries out scanning 
exposure of the substrate: 

The displacement means which displaces the speckle pattern of the illumination light formed in 
the illuminated field in the illuminated field. 

The control means which controls the displacement means so that the influence of the speckle 
pattern formed in the illuminated field is reduced, while the mask and its substrate are moving 
to the illuminated field during the scanning exposure. 

The light source in which the 4th exposure device of this invention generates the illumination 
light which has spatial coherence, It has an illumination-light study system which illuminates 
the illuminated field of specified shape by the illumination light, and a relatively scan means to 
synchronize and to scan the mask and substrate with which the predetermined pattern was 
relatively formed to the illuminated field, and is characterized by comprising the following in the 
exposure device which carries out scanning exposure of the substrate : 
The measuring means which measures the information on the angle of divergence of the 
illumination light. 

The control means which controls the exposing condition of that substrate based on the 
information on this measured angle of divergence. 

The light source in which the 5th exposure device by this invention generates the illumination 
light which has spatial coherence, In the exposure device which has an illumination-light study 
system which illuminates the illuminated field of specified shape by the illumination light, and a 
relatively scan means to synchronize and to scan the mask and substrate with which the 
predetermined pattern was relatively formed to the illuminated field, and carries out scanning 
exposure of the substrate, The illumination-light study system had a polarization means which 
divides the illumination light from the light source into the 1st illumination light of the 1st 
polarization component, and the 2nd illumination light of the 2nd polarization component, and 
the 1st illumination light and its 2nd illumination light are shifted mutually [ the illuminance 
distribution on the mask ] in the direction of a relatively scan . Next, while the 1st exposure 
method by this invention illuminates the illuminated field of specified shape by the illumination 
light which has spatial coherence, By scanning synchronously the mask and substrate with 
which the predetermined pattern was relatively formed to the illuminated field, In the exposure 
method which carries out scanning exposure of the substrate, the high direction of the contrast 
of the speckle pattern formed in the illuminated field is made the same as that of the relative 
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scanning direction of the illuminated field and mask of the specified shape. While the 2nd 
exposure method by this invention illuminates an illuminated field by the illumination light which 
has spatial coherence, By scanning synchronously the mask and substrate with which the 
predetermined pattern was relatively formed to the illuminated field, It is discharged from a light 
source with the sectional shape which has a longitudinal direction and the transverse direction, 
and is made for the transverse direction of the illumination light of the sectional shape of the 
illumination light to correspond with the relative scanning direction of the illuminated field and 
its mask in the exposure method which carries out scanning exposure of the substrate. While 
the 3rd exposure method by this invention illuminates the illuminated field of specified shape 
by the illumination light which has spatial coherence, By scanning synchronously the mask and 
substrate with which the predetermined pattern was relatively formed to the illuminated field, In 
the exposure method which carries out scanning exposure of the substrate, while the mask 
and its substrate are moving to the illuminated field during the scanning exposure, The speckle 
pattern is displaced in the illuminated field so that the influence of the speckle pattern formed 
in the illuminated field may become small. 
[Amendment 8] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0016 
[Method of Amendment]Change 
[Proposed Amendment 

[0016]Thereby, since each irradiation point on a mask (R) is exposed with illumination with a 
speckle pattern of a phase which is equally divided according to a pulse number and is 
different called the distribution curves 40, 42, and 43 of drawing 5 (b), an integrated exposure 
is equalized and the illumination unevenness in the scanning direction on a mask (R) is 
reduced. Namely, n and m are made into an integer in the arbitrary irradiation points on a 
mask (R), So that the phase of the scanning direction on the distribution curve 40 may become 
0, 2mpi+ (2 pi/n), 4mpi+ (4 pi/n), 6mpi+ (6 pi/n), 2(n-1)mpi+2 (n-1) pi/n, and ... for every 
pulse radiation, The illumination unevenness of a scanning direction is reduced by controlling 
operation of a phase variable means (8, 9). 
[Amendment 9] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0018 
[Method of Amendment]Change 
[Proposed Amendment 
[0018] 

[Example Hereafter, with reference to drawings, it explains per example of this invention . This 
example applies this invention to the projection aligner of the slit scan exposure system which 
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uses a pulse oscillation type laser light source as a light source of exposing light. Drawing 1 
shows the optical system of the projection aligner of this example, and laser beam LB Q of the 

far ultraviolet region (wavelength is 248 nm) ejected from the excimer laser 1 in this drawing 1, 
It enters into the beam shaping optical system 2 which contains a cylindrical lens via the purple 
external use reflective mirror M1, M2, M3, and M4. The sectional shape of laser beam LB 

ejected from the excimer laser 1 is a long and slender rectangle whose horizontal (the direction 
of H) width is quite narrower than vertical (the direction of V) width. 

In the beam shaping optical system 2, the horizontal width of laser beam LB Q is expanded and 

the laser beam LB of the sectional shape of the almost same aspect ratio as the aspect ratio of 
the slit shape below-mentioned illuminated field 15 is ejected. 

[Amendment 10] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0019 
[Method of Amendment]Change 
[Proposed Amendment 

[0019]As drawing 3 shows the composition of the beam shaping optical system 2 and shows it 
to this drawing 3, entering laser beam LB Q , pass the cylindrical lens 38 of focal distance f , and 

the cylindrical lens 39 of focal distance f (f 2 >f 1 ) the horizontal width of sectional shape is 

expanded fjf^ twice. If the spread angle of entering laser beam LB Q is made into theta^ 

spread angle theta 2 of the laser beam LB ejected will decrease to f^ of spread angle theta^ 

Generally, since the spatial coherence of light flux is so high that a spread angle is small, the 
spatial coherence of the horizontal direction (the direction of H) of the laser beam LB ejected is 
raised rather than entering laser beam LB Q . 

[Amendment 11] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0025 
[Method of AmendmentjChange 
[Proposed Amendment 

[0025]A part of laser beam ejected from the front mirror 22 is led to the wavelength detectors 
(spectroscope etc.) 31 via the beam splitter 30, and the wavelength which detected and 
detected the wavelength of the laser beam with the wavelength detector 31 is transmitted to 
the wavelength adjustment actuator 27. The wavelength adjustment actuator 27 changes the 
angle of inclination of the diffraction grating 25 so that a difference with the absolute 
wavelengths defined beforehand may come in a standard according to the wavelength 
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detected with the wavelength detector 31 . The signal according to the beam angle of 
divergence which processes the imaging signal from the two-dimensional image sensor 17 by 
the image processing system 18, and is detected. (The signal according to the size of the 
beam spot specifically made on the two-dimensional image sensor 17) is fed back to the 
actuator 28 of the rear mirror 23 of the excimer laser 1 , and it is sent also to the main control 
unit 32 which controls operation of the whole device. The actuator 28 changes the angle of 
inclination of the rear mirror 23, when the value of the angle of divergence of the beam 
surveyed to the value defined beforehand has separated more than tolerance level. 
[Amendment 12] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0043 
[Method of Amendment]Change 
[Proposed Amendment 
[0043] 

[Effect of the Invention According to this invention , since the high direction of the contrast of 
the interference fringe of a speckle pattern is reduced by relative scan with an illuminated field 
and a mask (substrate) in accordance with a scanning direction as for the illumination 
unevenness of the scanning direction, there is an advantage whose illumination unevenness 
by a speckle pattern becomes small. 
[Amendment 13] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0044 
[Method of Amendment]Change 
[Proposed Amendment 

[00441 While carrying out the relatively scan of a mask and the substrate to the illuminated field, 
the speckle pattern is made to be displaced in an illuminated field in this invention, 
therefore, the mitigation and the interval by relative scan with an illuminated field and a mask 
(substrate) make very small influence of the illumination unevenness by a speckle pattern - 
things can be carried out. 

[Amendment 14] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0045 
[Method of Amendment]Change 
[Proposed Amendment 

[0045] According to the relative scan speed of an illuminated field and a mask (substrate), and 
the pitch of the relative scanning direction of the speckle pattern of the pulsed light in the 
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illuminated field, especially, By changing the phase of the speckle pattern of the pulsed light in 
an illuminated field for every pulsed light , illumination unevenness by a speckle pattern can be 
made smaller. 



[Translation done.] 
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\L1tU— tfg^-72 1, #figg£«j5£f.5JJfj£©E 
3t$ (10 0**$) S^fc7D>h57-2 2. * 
©#JB«©'J75 7-2 3, »gB«J8©BQ«2 9, 

JC, tfft»lfc»4. l/-ffa-^2 1^ 

©BBfc iiSSJE £ WJP LT8«£fT*>1t*;fc*!> ©ssiiiw 

^tfi&ftic ia*f»?-2 5©«^ftspiirrs»g 

raSK«lSS27, »tfU73?-2S©***flW6 

[0 0 2 5] Sfc, 7P>h57-2 2^eWfflSnfc 
U— Iftf-AO-aSS. tf-AX7U y^-3 OS^b 
TjSJUfcfflB (#3tS8^> 3 $fi«iaS3 1-c 

bs»8&2 7 ic«rr*. &&mmm2 7 a, mm 

#**t©*««»rtt:a*J:5fcia*r»^ 2 5©fS& 
^tC^Dfcm^ (SftKJlCtt, 2*7cS«* ; ?l 7±fc 

^5nfct-^x#i/H©*tsic^i;fcm#) x 

+->Vl^— tf3tMl©'J73 5-2 3©ffiflgB2 8^7 

n&«K»l/T*»anfcK-A©5M»ft©M#«. ft* 
BBttJtfcMlT^SitH:. 'J7S7-2 3©£ifca 

[0 0 2 6] Sfc, 01©P^JVR©{t®ft*&^ 
gttB2©k3^Xx-i>RSTlCJ:cTfTfc*U 7 

x/\w©ttHftj?)ai;^stt0 2 © 7XAX7— v*w s 
y7'©/^->*qs^nfcW5 1 i';i'R©H8jt«BS)i* 

i>WSTtt, •>XAW±©ffijR©>'3y h««©*^lt 

WbTU5 1 i';i'R©/^->«^S^n'5J;5tc, x 

#|p)&tfY#fil::Xxy7-7>K • 'Jt:-h^TC7 
■IAWtimS**«*i:. ]^*;Hl©HittfiBfcJ6; 



CTI'^l'RWjtgfcEBILTOXAWSj&STStS 

[0 0 2 7] ±«VP£B 3 2 14, fSigiflffilfiB 2 6 S^b 
TX+S'TI/— tf3EKl©Bfi«MBU ClAXf- 
iHM 3 4&tfW 1 ^XT--7fW«l* 3 5 £;frLT 

-E-n^n^xAXr— 7ws T&t; w^xx— 7r 

ST©»fc*HIW*. -ebT, ±ftlffllSe3 2«, B 
ijKS 9 €^bTtgfi5 y- 8 ©SWOSff&tfflMe 
*«BT*. £B»8H3 2fctt, ArtSBtU 
J» T©*-#-K3 6. «SArt8B (BtBt7X) 3 7 
*ffl*BBtUT©«*« (CRT5Vx7k-1\ 

3 3*)WBBSftTV»*. *-#-K3 62MMS 
8A2)gB3 7l4. B*»7XA©«3lMrac*fc-3Tl 

Ct©«fc. a*©'>-^>Xl83g^A7/-^S«© 

[0 0 2 8] Sfc, iW»BB3 2tt, ^BBSf©! 
*fYU- !fXHl»6©U— !flf-A©lf-A»«!ft 

©fip«&Hft»a«i 8*»e»§»®D. x^-TVhs 

fcBBffcSftifcJHRHRS:. Xtf£XAW±© l ^)©i/ 
a s» hBfcKBWStiSk— <f£-A©/WX»£fc£ 
l/T. £SMMS2 6ttg*e£-r«. ftfrlxTSfclSl 
SB 3 2 14. fiS)S5-8©tg»m fifi. 
***l/TB»BB9K«**JW*t*fc. 
Xt-; /ffll 3 5 £«J:t;7XAXx-vf6!lffl?S 3 4 K 

[0 0 2 9] ^IC, *WTU?t7)lRRlf<t>X/\VJ_k<D 

Bfttr6Sfi«S-B-5t»©*»riiK:o#rBiWr*. ft 
5? 1*. BlK*V>TX*->TV'-1f3fcBl*>6 
WfflSnSU— iftf-ALBo ©$W3t-U->Xti* 
¥2fl"l (H^(6j) Cji5<^oT^S. -edT, -e©U- 
Iflf-ALBo ©$M3t-V>X©iS^|6)!6^® 
«15©»a*M. IP^^at*(S)SRlC*5<fc5lC < 1 

->tt, ^S*|B)SR©3>h7Xh^il5<, *^a* 
16] (Y^IrI) ©3>h?Xh)WS<a-3TV>*. 
[0 0 3 0] m©W^RJ;Rt;£XAW±t;:£j£ 
4? Sn^X^y^^A^-XcB, 75'f7-1'l^>X6& 
VI l©W>XxW*>h©BWfc#*U&BBW&« 

»^*nr*o. ^©^/t^->©^>h5x h 

tt. U9 1 i'Jl-R±©X*[6]fcig<a-5. X's 

yi';PA^->©n>h7XheffijS$-e-s/t»C, k 

-Ift-ALBS. B**fttbT©**^'JXA4fc 
«fc D^©fta^*t 2 o©B3KfiE»© U— tf tf-Al: 
^IHtT^^^RSTOLT^-5. -t-©2 0©<IJtfig 
»©rt©, »l©fi3t«»©W— tftf-ACASB^B 
«1 5©^S*|tij (X*|fij) ©S8g^5(UI (X) (fflt 
50 m 14. 06 (a) ©##ft«4 0©J:3fc. BfftKy 
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mov— #K-h.\z&zmmi5\ (x> «, »im 

m 4 4 -?7fit£ 5 fcSMlT m 4 0 \Ztt bX X^IrJIC* \* 

v^m-rnx^z. cn\znr)±^(om&^i 

(X) «, 06 (b) ©#=flJft«l4 5£fcO. 

[0 0 3 1] 04tt*^©W?i';VR±©fiSW««l 5 
©$«##£* U l^*;VR±CfiB4 (a) iC^f 

j;^ici£s^i6]SR (x^ripj) omnvmwmmi 5 a* 
^snrv^. *lt. 5<Dxuf0wm8. 
m\ (x) «, 04 (b) tom&m4ov>£.5\zm 
&\iv?x\£®ft*.ztimxmt\s. mmm. \ 5© 

Y^(6j©B8S^I (Y) tt, 04 (c) vm&m 

«, x^i6j-e©fisgtre.£. PjU®®i 5\zm?%v? 
^;i^R©*s&r;0 i ©siu 7-8 \z&zv— v m- 
j±<r>femz&i)mm%. 

[0 0 3 2] 05 (a) S. ^OWmm 5T©1A 

^xftSO©itg;£fi (x^iri) ©IgftDn (x) ic 

^•T*^ffii8g4 0^L, JS^6XffiS)SlDST 
©I««14 (a) ©1^®«1 SOmx&Z, * 

fc. jHnMti siztuxuftfrRWxjjMzfc&is 

ft*fc. W^^R±0»»»jft*«H5 (a) (0 5 

(b) hmm ©xttc»oT»»UTv>< feot-r 

[0 0 3 3] *«Ttt, /WX?S##fTfc>n. 

4 0©tfy^SPX, i/'Wx©x*;M i -®at;R.tfp 

nHOA^XffiftT?, 0, PX/n. 2PX/n, 
• • ■, (n- 1) FX/nV&ftmzV-pmoft 
**»*^SnSA5&^SE)^ (0, PX/n, 2P 
X/n, • • •, (n-1) P X/n ©ISIC 

K±K Sfc, nj&*aiftfc*t<T. tfy^PXSn/ 
2, n/3, • • ■»»bfctt«tli-**» , 3»#ft 

-OffiMttRf *IHtfc«V- (D/n) f) t-m 
f*>«£, 01©SfjS7-8£j E £3ii-sa;T'feft 
<, l/y**R±Rtf*XAW±?©ftt&Bttat>» 

[0 0 3 4] fc»U-;Mtoi«3«D**Ctt. 1 

>V\>*mz Vf-irjVRteXUmzD/ 3 fcWS&TS. 
ftoT, 05 (a) fcjRT±5fc, W7-9)VR±<D&Z 

ma a (x=o) -ctt. raiBD/3©fi:@4 OA. 40 

E, 4 0 1, -©JBCBftWrfcn, X#[n]©J8ttS# 
05 (b) ©#ftl&«84 0, 4 2, 4 3© 



(6) WM¥6-34 9 70 1 

JO 

tt. «»T7h3<fc«. W^Rj&tl/WXfcfcfMB 
•TSffiSitt. 1U!«®1 5©£3:£ft©i|lD©i;gc#© 

i ic^ »»jt*nrv>*. 

[0 0 3 5] fflU l'?irA'RRtf*XAW©jfea9ift 

fc*. COi^fcSSlCB, 01©SI!)S7-8S*S 
LT, 0, PX/n, 2PX/n, • • •, (n-1) 
P X/n OttBfcK-* fcfc-3»#fl«*«1§&ft.5 ±3 

[0 0 3 6] Jl#Mfc&|^WX»*» 4 1 

5. ft-aT. 0 5 (a) Kw1\fc5fcl^*RJ:©* 
Zm%A (X=0) T«s raW*tD/4©fiJ14 0A, 
40 D, 40 G, 4 0 K • • • ©JSC&fttffrfctU 9J 

©«*£, X = 0 6 D/ 6 fc*wm&A-ctt. 

&H4 0C, 4 OF, 4 0 1, 4 0LOJBfc***«fft> 

nsfc*. xAMownijuioMa, »?&*«84 o 

a? ^-CTigiiS7-8Si£i3^S. WAtf. &B40F 
T©B}t©££«PX/4, ef4 0iro^iiPX/ 
2, &1I4 0L©££«3PX/4£W«Ii5 5-8© 
*SEfc±9Ttt***A*i:. 05 (c) ©«kdfcjl& 
S4«gt©&ffi©iS©fifi£ftr), MKreffgAT* 
05 (c) X. #=(jj|&|g4 6, 4 7, 4 8 
». »**»4 0*>6»5 9-8fcJ:-3T*n*ntt 
ffl£PX/4, PX/2, 3PX/4/£(t*Afct>©-C 

[0 0 3 7] Jfcfc. kf?*RRi;i>IAW(OilSiiS 
30 \Z-D%%LWtZ>, $fc1*tfXAW©*3t&flf», £XAW 
t4A^.®iEg7tS (CLtltt>>XAW±fca*SnTV> 

¥-mt\z&?x&fe2nz. i*->yv- tfjtiii© 
j:5&3e»©«^. A;px«t:;fetaan*x*;^-a 

IS^UTdJt-rsCiKioT, -t©«l»^#T^x;\ 
WC4A*B5fc*©tf6^**^!4<***5lC, A;V 

[0 0 3 8] ">XAC4A<5SjE»3ttft&E. /^X« 

BjtA^xftttE/E, t«sn. w^^;vR±r-a 

lc!iH3ftS«Bffi©s£lt2f|p]©ft<* (BP^fl9^ffi«15 
©^S^(6]©i|i§) ttDT?*5&Ji). lA^XSCW^f 
ArROfNMB (E, /E) DiftO. X+S/-VU— tf 
1 (DRMS1«( f [Hz] Ofc*, U-^;PR© 

sfeeasvtt, *sc©«icRjean*. 

[0 0 3 9] V= (Er /E) f - D (3) 

±ft$zmx\mwimi 5 (04 

©Y*|bJ) ^©X^y^^A^-^ffl^SEttffoT^S: 

50 *j£s^isj©wstfe.*j;o<ija-r5fe*ic 
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[0 0 4 0] H4K*V»T, SR (X* 

s^iajicx^v^/^-^fc^sttTfc&K 

[0 0 4 1] £fflat-V>Zi>m^JifttZ* 
t t s-s £ * 5 fcttjfc© «fc 5 tt*tt t> ft 

mmitfc&r$>-oTh> nt-v^xatiSKfriajfcx 
&x*t >#fi#i^;kt©BPJ®#©s#;#fti:fc 

X**>#fo£Ha**J:5l:B#8«©lW 

At. IWIMR«©5?-fcJ:DTimTn«AK 

ft*. -«WfcS3b-^X©KV>2r|pj£#*l,TK 

[0 0 4 2] fcfc. **9!tt±»*lt«lfclWlESnr. 
filAfiBftft £ L-T Y A G V- 1f-©«WftJ; U 

KLam6H-ca^©«|<«S*D»sc:itt^lit?ft 
[0043] 

[589!©3J*J #389i©Sll©»#81t»;:<fcntf. Xy 
'<^;p/^->© ; F*SI©3>h7X h©»v>#fl#it 
g^Alc-SU ^©«ac*lHj©M«&&l4«aW«*i: 
(Sfi) i©H»Wft;t3E-C8«Snafc», x 

[0 0 4 4] £&, £2©ffftg«K:,J;ni£ USS®** 

;vxft©x * y * wt* - ^©ffittftfcfcsfc&iej© t: y 



(7) #M^6-349 7 0 1 

^ifcjfcST. IWIRBTW/WXifc©*^?*^/^ 
86. X^y^;W^->»C<tSSgStf6^3<T€f-5 
[0 0 4 5] Sfc, /WX36©2ffl3b~W>X*ttffl 

T*2ffi3t-w>x^{t}^at. ^©±5tttw*n 
io [mnmttwn 

"Cfc*. 

[02] %NM©ttMxsati©«ffp««jn-r^D9^ 

0T&5. 

[03] Bl©tf-A8»^*2©-«SS-r*dc0 
[04] l/?^;VR±©SBW*«l 5<Dm&ffl6*mt 

[05] (a) tel^?*R±©$9!£iai 5©jtSE# 
20 lR)©RBflE^**TH, (b) Rtf (c) 14-WPttX 
*y*M*->*»Stt*#fc©||WI1IMi 5©* 
S*|pJ©S8S^&^-T0TftS. 

[06] (a) »42*KJ*6©I^— !fe-A-eKW«« 
1 5SfiBWr5«^©)SW««l 5©20©Ha?#:fc£ 
^t0. (b) 140 6 (a) ©2o©Bgft^©?D©flg 

[07] X'Jy htt©lWfH«fc*f?"-5l'^.»'0;£a£ 
©HB^t^TftS. 
[ffJORM] 

^ i if->Ti/- mm 

6, 7 77-f7fW>X* 

8 ms.?- 
15 raswa 

17 2*5cS«!^ 

is ®mw% 

R U?!?)l> 

pl 

RST l^iWXy— 5> 
« WST VXJ\7>r—i> 



[03] 




-8- 



